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Description 

[MECHANICAL SHUT-OFF VALVE 
FOi?GAS-ASSIST INJECTION MOLDING] 

Background of Invention 

[0001] The present invention relates to apparatus and systems 
for gas-assist injection molding and more particularly to 
shut- off valves for gas-assist injection molding systems. 

[0002] There are many processes and techniques today for gas- 
assisted injection molding. Gas-assisted injection molding 
processes have added flexibility to the design and manu- 
facture of plastic parts with their ability to produce par- 
tially hollow, light-weight, rigid parts with minimal sink 
marks and less tendency to warp. These processes can re- 
duce material requirements, as well as equipment costs 
and cycle time, and thus have advantages over conven- 
tional injection molding processes and techniques in 
many applications. 

[0003] In general, gas-assisted injection molding systems utilize 
a fluid or gas, such as nitrogen, under pressure to expand 



the plastic material in the mold and conform it to the 
mold cavity details. The fluid or gas can be introduced 
into the mold in several way, such as through a bushing, 
nozzle, or machine nozzle into one or more cavities, or at 
one or more locations. 

[0004] In typical operation, a "shot" or quantity of plastic material 
is injected into the mold cavity, then pressurized gas is 
introduced which causes the plastic to expand against the 
walls of the cavity. The gas pressure is maintained until 
the plastic material has cooled sufficiently to be self- 
supporting, whereupon the gas is vented, the mold is 
opened, and the plastic article is removed and/or ejected 
from the mold cavity. 

[0005] vvith gas-assisted injection molding techniques, care must 
be taken to prevent the pressurized gas that is injected 
into the mold cavity from being directed into the bushing, 
runner system, or plastic injection machine. 

[0006] Typically, a shut-off valve of some type is positioned in 

the machine nozzle or adjacent the machine nozzle in or- 
der to positively shut off the flow of plastic into the mold 
cavity and at the same time prevent back flow of plastic 
and/or gas into the plastic injection molding system. 
Known systems, however, typically require an external 



power source and a complicated power system, such as 
hydraulic, pneumatic, or electrical system with various 
electronic or mechanical controls. These systems are typi- 
cally complex and expensive and require additional setup 

and programming time and expense. 
Summary of Invention 

[0007] It is an object of the present invention to provide an im- 
proved system and apparatus for gas-assisted injection 
molding. It is also an object of the present invention to 
provide an improved gas-assisted shut-off mechanism 
which allows the introduction of plastic material into the 
mold cavity, but prevents the backflow of plastic or pres- 
surized gas into the plastic injection molding machine. 

[0008] It is another object of the present invention to provide an 
improved shut-off valve member for use with a gas- 
assisted injection molding process. It is a further object of 
the present invention to provide a mechanical shut-off 
valve for gas-assisted injection molding processes which 
allows the injection of plastic through the valve but pre- 
vents the entry of plastic or gas back into the injection 
molding machine. 

[0009] The present invention overcomes prior difficulties with 
shutoff and valve-gate type bushings or nozzles used 



with gas-assisted plastic injection molding systems and 
fulfills the objects and purposes noted above. 

[0010] The present invention provides a mechanical-type shut- 
off valve which prevents backflow of molten plastic mate- 
rial into the injection unit of the injection molding ma- 
chine and also prevents backflow of pressurized gas or 
liquid which is injected into the plastic material in the 
mold cavity. The device is typically integrated into the 
mold or tooling and includes an outside body member or 
housing and a spring-biased piston member. The piston 
member is biased relative to the body member or housing 
by a coil spring or the like. In the closed position, the pis- 
ton member is forced against the plastic injection pas- 
sageway or channel, primarily by the force of the biasing 
member. In the open position, the force of the plastic and 
pressure from the injection molding machine collapses 
the biasing member and allows plastic to flow through 
and around the piston member and into the mold cavity. 

[0011] When the plastic injection process is complete, the biasing 
member returns the piston member to its closed position 
which prevents back-flow of plastic material into the in- 
jection molding machine or system. Also, the pressure 
caused by the injection of pressurized gas into the mold 



cavity provides a positive seal against return of any of tlie 
plastic or gas into the plastic injection molding system. 

[0012] Preferably, one or more heater members are included in or 
on the body member or housing in order to keep the 
plastic material in the body member or housing in a fluid 
condition at all times. 

[0013] These and other features, purposes, benefits and advan- 
tages of the present invention will become apparent from 
the following detailed description of the invention when 
taken together in view of the accompanying drawings and 

appended claims. 
Brief Description of Drawings 

[0014] FIGURE 1 illustrates a shut-off valve in the closed position 
in accordance with an embodiment of the present inven- 
tion. 

[0015] FIGURE 2 illustrates a shut-off valve in an open position in 
accordance with an embodiment of the present invention. 

[0016] FIGURE 3 illustrates a piston member used with the em- 
bodiment of the invention as set forth in Figures 1 and 2. 

[0017] FIGURE 4 is an end view of the piston member depicted in 
Figure 3. 

[0018] FIGURE 5 is a flow diagram illustrating the basic steps in 
the method for use with an embodiment of the present 



invention. 
Detailed Description 

[0019] Figures 1 and 2 illustrate an embodiment of the present 
invention and shows its use in a typical injection molding 
environment. The present invention is particularly adapted 
to be used in a gas-assisted injection molding process or 
system. In this regard, the use of the term "gas" through- 
out this document is not meant to be limiting. The inven- 
tion can be used with fluids of all types, whether in the 
gaseous or liquid states. 

[0020] Also, the present invention can be used with bushings or 
nozzles of all types for gas-assisted injection molding 
systems, including sprue bushings and machine nozzles. 
In fact, with other embodiments of the present invention, 
it is possible to include the present invention in a machine 
nozzle or other structure. 

[0021] jhe shut-off valve member is generally referred to by the 
reference numeral 10 in the drawings. The valve member 
10 includes a body or housing member 20 and centrally 
located a piston member 25. The piston member 25 is 
slidingly positioned in a cavity 30 in the body member 20 
and is biased to the position shown in Figure 1 by a bias- 
ing member 35. In this regard, the biasing member can be 



of any type, which provides a sufficient biasing and return 
force necessary for the present invention to successfully 
operate as described below. Preferably, the biasing mem- 
ber is a spring member, such as a coil spring member. 

[0022] The valve member 10 is typically positioned in a cavity 40 
in a mold 45. This is shown in Figure 1. A retainer plate 
member 50 is used with the valve member 10 in order to 
hold the valve member securely in position in the mold. In 
this regard, as shown in Figures 1 and 2, the plate mem- 
ber 50 is fixedly secured to the valve member 10 and the 
mold member 45 with a plurality of fasteners, such as 
screws or machine bolts 58. 

[0023] It is to be understood, of course, that the valve member 
can be secured in a mold in any conventional manner. 

[0024] The piston member 25 is adapted to move or reciprocate 
in the body member 20 in a direction of the arrow 22. In 
this regard, the shut-off valve member 20 is shown in its 
closed position in Figure 1 which prevents the flow of 
plastic material through it and in its open position in Fig- 
ure 2 which allows the flow of plastic material through it. 

[0025] It is also understood that the present invention can be uti- 
lized by itself, in a mold, or used in combination with a 
manifold member (not shown), a hot runner system (not 



shown), or the like. Also, as shown in Figures 1 and 2, the 
retainer plate member 50 has a spherical-shaped recess 
or mounting cavity 55 for the end of a machine nozzle of 
an injection molding machine. It is to be understood, of 
course, that other arrangements can be used to position 
or attach the injection molding machine operationally to 
the shut-off valve member 10. 
[0026] Further details of the piston member 25 are shown in Fig- 
ures 3 and 4. In particular, the piston member includes a 
head member 60 at one end, a central shank member 62 
in the middle, a flange member 64, and a hollow shank 
member 66 at the other end. The head member 60 in- 
cludes a flat or planar member 68 which is used to seal 
off the end of passageway 52 in the plate member 50 
when the valve member 10 is in its closed position as 
shown in Figure 1. In this manner, the member 68 com- 
prises a first valve member which mates with the surface 
of the retainer plastic member which forms a second valve 
member. As understood by persons skilled in the art, the 
first and second valve members can have any conventional 
valve shape and configuration so long as they mate or join 
together in a valve-type relationship which can prevent 
the flow of plastic material. 



[0027] jhe head of the piston member also includes a plurality of 
grooves or channels 70 arranged around its periphery. 
These allow plastic material from the injection molding 
machine to pass around the head member 60 when the 
piston member is positioned in the body member 20 and 
in the position shown in Figure 2. Although four grooves 
or channel members 70 are shown in Figure 4, it is under- 
stood that other numbers could be utilized, and the in- 
vention is not limited to any particular number. 

[0028] A hollow passageway or channel member 72 is provided 
in the forward shank member 66 of the piston member 
25. A plurality of openings 74 provide access to the pas- 
sageway 72 for the plastic material from the injection 
molding machine. 

[0029] The flange member 64 is used to support one end of the 
biasing (spring) member 35. 

[0030] The piston member 25 is provided to slidingly fit within 
the cavity 30 in the body member 20. For this purpose, 
the outer dimensions of the head member 60, flange 
member 64, and forward shank member 66 are provided 
to slidingly fit within the main cavity 30 of the body mem- 
ber, as well as the forward cavity 32. In this regard, the 
close tolerances between the outer surface of the forward 



shank member 66 and the walls of the forward cavity 32, 
as well as the outer diameter surfaces of the flange mem- 
ber 64 and the walls of the main cavity 30, are preferred 
in order to prevent plastic material from entering into the 
cavity 38 where the biasing member 35 is positioned. In 
this regard, seal members can be provided either in the 
body member or the piston member at the locations 
marked lOOA and lOOB in Figures 1 and 2 in order to help 
insure that plastic material does not enter the spring cav- 
ity 38. 

[0031] The forward end 24 of the body member 20 has an open- 
ing or orifice 26 through which plastic material is injected 
or discharged into a mold cavity (not shown). 

[0032] Heater member 80 is preferably positioned in an annular 
space 82 in the body member 20. The heater member, 
which preferably is a resistance-type heater, such as a coil 
heater or band heater of any conventional type, is electri- 
fied by being connected to an appropriate power source 
(not shown). The heater member is used to keep the plas- 
tic material in the valve member 10 in a fluid condition 
during the injection molding process. The heater member 
can be positioned internally or externally relative to the 
body member 20. Another heater member 84 can be pro- 



vided around the forward end 24 of the body member. 
[0033] The body member and piston member can also have any 
convenient or conventional shape or cross-section. The 
body member can also be of a type which is threadedly 
secured to a mold or manifold. All of these types of bush- 
ings, heater members, and other structures are know in 
the art. 

[0034] In a gas-assisted plastic injection molding process, the 
plastic material is initially melted and converted into a 
molten state in the barrel of an injection molding machine 
(not shown). The plastic material is then forced into and 
through the valve member 10, or, if a manifold is used, 
into and through the manifold and then into and through 
the valve member 10. In this regard, heaters in the mani- 
fold keep the plastic material in the manifold passageways 
in a molten condition, and the heater members on the 
valve member 10 maintains the plastic material in the 
valve member passageways in a molten condition. In this 
manner, after the injection cycle injects a quantity of plas- 
tic material into the mold cavity, the remaining plastic 
material in the valve member and manifold will not harden 
or solidify but is retained in a liquid or molten condition 
ready for the next injection cycle. 



[0035] When the valve member 10 as shown in Figure 1 is used, 
the piston member 25 is initially positioned in its closed 
position as shown in Figure 1. In this position, the spring 
member 35 provides a biasing force on the flange mem- 
ber 64 forcing the first valve member (flat surface area 68) 
of the head member 60 tightly against the second valve 
member (plate member 50) or other fixture. This prevents 
plastic material from entering the valve member 10 and 
mold cavity through passageway 52. 

[0036] After the mold is closed, the plastic injection process is 
initiated. The force of the plastic material and pressure 
from the injection molding machine forces the piston 
member 25 from the closed position shown in Figure 1 to 
the open position shown in Figure 2. In this position, the 
piston member 25 is forced against the biasing force of 
the spring member 35, thereby collapsing or compressing 
the spring member as shown in Figure 2. This allows plas- 
tic to flow through the grooves 70, opening 74, passage- 
way 72, and orifice 26 into the mold cavity. 

[0037] In this regard, the amount of plastic material interjected 
into the mold cavity is dependent upon the particular pro- 
cess utilized. For example, the quantity of plastic can be 
less than an amount to fill the entire mold cavity (a "short 



shot"), or sufficient to completely fill the mold cavity (a 
"full shot"). In addition, the plastic material can be packed 
in the mold cavity by the subsequent step of forcing more 
plastic material at a higher pressure through the valve 
member 10 and into the mold cavity. 
[0038] Once the mold is filled to its desired extent of volume re- 
quired for the application, the injection of plastic material 
is ceased. At this point, the screw rotation of the injection 
molding machines starts and the spring tension from 
spring member 35 forces the piston member 25 to its 
closed position as shown in Figure 1. In this regard, it is 
necessary that the biasing force in the spring member 35 
be sufficient to overcome the hydraulic back pressure 
which is typically caused by the pressure of the screw ro- 
tation. 

[0039] In accordance with conventional gas-assisted injection 
molding processes, a gas or fluid is then introduced at a 
high pressure into the mold cavity. This pushes or forces 
the plastic material in the mold cavity into all areas of the 
mold, completing the filling of the cavity. In this regard, 
the present invention is adapted to be utilized with any 
type of gas/fluid-assisted injection molding process or 
system known or in use today. 



[0040] Also, in accordance with standard gas-assisted injection 
molding techniques, after the requisite amount of gas and 
plastic are injected into the mold, the pressure of the gas 
is typically maintained to compensate for any volumetric 
shrinkage of the plastic as it cools and solidifies. 

[0041] Once the plastic injection ceases and the gas injection be- 
gins, the pressure in the mold cavity increases. However, 
due to the structure and configuration of the valve mem- 
ber 10, a backflow of plastic material and/or gas into the 
plastic injection molding nozzle and machine is pre- 
vented. Any pressure from the mold cavity exerted back 
into the valve member 10 through the orifice 26, whether 
from the plastic material or the gas/fluid material, adds 
additional closing pressure of the valve member. As a re- 
sult, any pressure from the mold cavity into the mold 
member 10 only assists in helping the biasing member 
maintain the piston member 25 in its closed position. 

[0042] Once the plastic and gas injection processes are complete, 
the plastic material in the mold cavity is allowed to cool 
and solidify. In this regard, the mold members are typi- 
cally cooled by circulation of a coolant through appropri- 
ate channels or passageways (not shown) in the mold 
which assist in cooling and solidifying the plastic material. 



[0043] Once the plastic article in the mold cavity is sufficiently 
solidified, the gas within the molded part is vented to at- 
mosphere and the part is removed from the mold cavity. 
In this regard, typically one or more ejector pins are uti- 
lized to assist in the removal of the molded plastic article 
from the mold cavity. The solidifying, cooling, venting, 
and removal procedures can be any of those convention- 
ally or typically utilized in the injection molding field to- 
day. For example, the gas can be vented back through the 
gas injection member or through a separate vent member 
positioned in the mold cavity. 

[0044] The gas which is utilized with the present invention is 

preferably nitrogen, but it can be any other conventional 
gas or fluid utilized with other gas-assisted injection 
molding processes. Also, if desired, the gas being re- 
moved or vented from the mold after the molded cycle, 
can be collected, reclaimed and reused. 

[0045] Although in the preferred embodiment of the invention, 
the unique valve member is inserted in a mold member 
and controls the passage of plastic material into the mold 
cavity from either a machine nozzle or manifold, the in- 
vention can also be used as part of a multiple or stacked 
bushing system. For example, a conventional bushing. 



such as a heated bushing, can be interposed or positioned 
between the inventive valve member 10 and the mold cav- 
ity. 

[0046] Figure 5 is a flow diagram depicting the basic steps in the 
gas-assisted injection molding process with which the 
present invention can be utilized. The process is referred 
to generally by the reference numeral 120 and includes a 
series of steps or boxes. As a first step, as shown in Box 
122, the mold is closed. Thereafter, plastic material is in- 
jected into the mold cavity. This is shown in Box 124. At 
this point, the plastic flow and pressure at the machine 
nozzle forces the piston member 25 toward the orifice 26, 
which compresses the spring member 35 and allows 
molten plastic to flow through the cavity members 30 and 
32 in the body member 20 and into the mold cavity. 

[0047] The plastic material is continued to be injected into the 
mold cavity until the desired extent of volume of plastic 
material required for the application is injected. This is 
shown in Box 126. 

[0048] Once the required amount or quantity of plastic material 
is injected into the mold cavity, the injection forward ends 
and the rotation of the screw of the injection molding ma- 
chine begins. This is shown in Box 128. The biasing force 



of the spring member 35 forces the piston member 25 to 
the rearward position as shown in Figure 1 providing 
shut-off. As indicated above, the force of the spring ten- 
sion must be sufficient to overcome any hydraulic pres- 
sure caused by rotation of the screw of the injection 
molding machine. 

[0049] Thereafter, the injection of the gas or fluid into the mold 
cavity is initiated. This is shown in Box 130. The injection 
of the gas or fluid increases the internal cavity pressure in 
the mold cavity. That increased pressure, as well as the 
biasing force of the spring member 35 maintain the valve 
member 10 in the closed position as shown in Figure 1. 
This prevents any backflow of plastic material into the 
nozzle or injection molding machine. The rotation of the 
screw in the injection molding machine stops typically at a 
metering set point. This is shown in Box 132. Also, the in- 
jection of the gas into the mold cavity ceases. This is 
shown in Box 134. 

[0050] At this point, the plastic material in the mold cavity is al- 
lowed to cool and solidify. This is shown in Box 136. Once 
the plastic part or article has cooled sufficiently to be self- 
supporting, the gas in the internal or hollow cavity is 
vented to atmosphere. 



[0051] Finally, as shown in Box 138, the mold is opened and the 
molded plastic article or part is removed. In this regard, 
the plastic molded article is typically ejected from the 
mold cavity by one or more ejector pins (not shown). 

[0052] vvith the present invention, the complexity and cost of as- 
sociated tooling, as well as process and peripheral equip- 
ment for gas-assist injection molding operations in appli- 
cations, is reduced. The use of internal power sources or 
control systems or input are not required. Also, the 
present invention reduces the labor and manufacturing 
cost and time since there is less set up time and process- 
ing for installation and setup of the injection molding sys- 
tem. 

[0053] Also, the spring is isolated from the resin flow path so 
that the valve member can have minimal effect on color 
changes. 

[0054] The foregoing discussion discloses and describes an ex- 
emplary embodiment of the present invention. Persons 
skilled in the art will readily recognize from such discus- 
sion and from the accompanying drawing and claims, that 
various changes, modifications and variations may be 
made therein without departing from the spirit and scope 
of the invention as defined by the following claims. 



